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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radioactivity, and shielding applications over the incident
proton energy range from 1 to 150 MeV.

The evaluation utili,zes MF=6, MT=5 to represent all reaction
data. Production cross sections and emission spectra are given
for emission neutrons, protons, deuterons, alpha particles,
~amma rays{ an,d all residual nuclides produced (A>5) in the
reaction chains. To summarize, the following ENDF sections are
included:

MF=3 MT= ‘2

MT= 5

MF=6 MT= 2

MT= 5

—

Integral of nuc,lear plus interference components
of the elastic scattering cross section

Sum of binary (n,n’) and (n,x) reactions

Elastic angular distributions given as ratios of
the differential nuclear-plus-interference to the
integrated value.

Production cross sections and energy-angle
distributions for emission neutrons, protons,
deuterons, and alphas; and angle-integrated
spectra for gamma rays and residual nuclei that
are stable against particle emission‘!’

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
016 and p + 016 reactions (Ch96a, C!h96b, Ch96c) . We use the
GNASH code system (Y092), which utilizes Hauser-Feshbach
statistical, preequi-librium and direct-reaction theories.
Coupled-channel and spherical optical model calculations are
used to obtain particle transmission coefficients for the
Hauser-Feshbach calculations, as well as for the elastic neutron
angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions that exceed a cross section of
approximately 1 nb at any energy. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematic
(Ka88) .

A model was developed to calculate the ener~y distributions of
ail recoil nuclei in the GNASH calculations (Ch96b) . The recoil
energy distributions are represented in the laboratory system in
MT=5 , 14F=6, and are given as isotropic in the lab system. Note
that all other data in MT.5,MF.6 are given in the center-of-mass
system. This method, of representation requires a modification of
the original ENDF-6 format.

Preequilibrium corrections were performed in the course of the



GXVAS33calculations using either Feshbach, Kerman, Koonin (FKK)

theory [Ch93d] or the exciton model o’f Kalbach (Ka77, Ka85) .
Discrete level data from nuclear data sheets were matched to
continuum level densities using the formulation of Ignatyuk
(Ig75) and pairing and shell parameters from the Cook (C067)
analysis. Neutron and charged-particle transmission
coefficients were obtained from the optical potentials, as
discussed below. Gamma-ray transmission coefficients were
calculated using the Kopecky-Uhl model (K090) .

MT=2 elastic scattering data in MF=3 and MF=6 are based on
optical model calculations with the SCAT-2 code’ (Be92) . We have
made use of the llnuclear-plus-interferenCel’ ‘option in MF=61
which corresponds to LAw=5, LTP=12, and the appropriate
integrated cross section is stored in MF=3. Note that because
of the interference effect, the tabulations in both MF=6 and
MF=3 can be negative at some energies and angles.

**************** **************** **************** ****************
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8016 = TARGET 1000Z+A (if A.O then elexnental)
1001 = PROJECTILE 1000Z+A
Nonelastic, elastic, and Production cross sections for A<5 ejectilas in barns:
Energy nonelas elastic neutron proton deuteron triton helium3 alpha genlma

,!

. .

7.000E+OO 2.083E-01”0.000E+O0 O.QOOE+OO 2.073E-01 0.000E+OO 0.000E+OO 0.000E+OO 1.030E-03 3.290E-03
8.000E+OO 3.07.5E-010.000E+OO 0.000E+OO i.853E-01 0.000E+OO

9.000E+OO 3.806E-01 0.000E+OO 0.000E+OO 3.348E-01 0.000E+OO
I.000E+O1 4.248E-01 0.000E+OO 0.000E+OO 3.759E-01 0.000E+OO
1.1OOE+O1 4.518E-01 0.000E+OO 0.000E+OO 4.039E-01 0.000E+OO
1.200E+01 4.786E-01 0.000E+OO 0.000E+OO 4.446E-01 0.000E+OO
1.300E+01 4.980E-01 0.000E+OO 0.000E+OO 4.770E-01 0.000E+OO
1.400E+01 5.105E-O1 0.000E+OO 0.000E+OO 4.990E-01 0.000E+OO
1.500E+01 5.182E-01 0.000E+OO 0.000E+OO 5.177E-01 1.846E-05
1.600E+01 5.241E-01 0.000E+OO 0.000E+OO 5.329E-03 2.236E-03
1.700E+01 5.284E-01 0.000E+OO 0.000E+OO 5.401E-01 8.577E-03
1.800E+01 5.311E-01 0.000E+OO 1.763E-04 5.3931!-011.499E-02
1.900E+01 5.330E-01 0.000E+OO 1.648E-03 5.357E-01 2.225E-02
2.000E+O1 5.346E-01 0.000E+OO 4’,372E-035.297E-01 3.201E-02
2.300E+01 5.370E-01 0.000E+OO 1.535E-02 5.244E-01 4.566E-02
2.700E+01 5.227E-01 0.000E+OO 3.787E-02 5.136E-01 6.332E-02
3.000E+O1 5.006E-01 0.000E+OO 5.446E-02 5.052E-01 7.017E-02
3.500E+01 4.706E-01 0,000E+OO 8.1.51E-024.967E-01 7.338E-02
4.000E+O1 4.490E-01 0.000E+OO 9.948E-02 4.956E-01 7.160E-02
5.000E+O1 4.O1OE-O1 0.000E+OO 1.329E-01 4.862E-01 7.092E-02
6.000E+O1 3.620E-01 0.000E+OO l~$86E-01 4.787E-01 6.957E-02
7.000E+OI 3.330E-01 0.000E+OO 1.808E-01 4.752E-01 6.937E-02
8.000E+O1 3.130E-01 0.000E+OO 1.994E-01 4.764E-01 7.153E-02
9.000E+O1 3.021E-01 0.000E+OO 2.193E-01 4.860E-01 7.687E-02
1.000E+02 2.970E-01 0.000E+OO 2.395E-01 5.024E-01 8.263E-02
1.1OOE+O2 2.956E-01 0.000E+OO 2.595E-01 5.186E-01 8.954E-02
1.200E+02 2.950E-01 0.000E+OO 2.742E-01 5.363E-01 9.332E-02
1.300E+02 2.950E-01 0.000E+OO 2.934E-01 5.546E-01 9.811E-02
1.400E+02 2.950E-01 0.000E+OO 3.082E-01 5.734E-01 1.038E-01
1.500E+02 2.950E-01 0.000E+OO 3.221E-01 5.862E-01 1.088E-01

0.000E+OO 0.000E+OO 2.213E-02 5.947E-02
0.000E+OO 0.000E+OO 4.607E-02 1.306E-01
0.000E+OO 0.000E+OO 5.193E-02 1.679E-01
0.000E+OO 0.000E+OO 6.668E-02 2.088E-01
0.000E+OO 0.000E+OO 1.082E-01 2.374E-01
0.000E+OO 0.000E+OO 1.568E-01 2.600E-01
0.000E+OO 0.000E+OO 1.831E-01 2.737E-01
0.000E+OO 0.000E+OO 2.041E-01 2.751E-01
0.000E+OO 0.000E+OO 2.119E-01 2.731E-01
0.000E+OO 0.000E+OO 2.209E-01 2.745E-01
0.000E+OO 0.000E+OO 2.377E-01 2.795E-01
0.000E+OO 0.000E+OO 2.568E-01 2.775E-01
0.000E+OO 0.000E+OO 2.736E-01 2.796E-01
0.000E+OO 0.000E+OO 3.209E-01 3.005E-01
0.000E+OO 0.000E+OO 3.717E-01 3.029E-01
O.,000E+OO0.000E+OO 3.834E-01 2.873E-01
0.000E+OO 0.000E+OO 3.789E-01 2.676E-01
0.000E+OO 0.000E+OO 4.021E-01 2.480E-01
0.000E+OO 0.000E+OO 3.120E-01 2.255E-01
0.000E+OO 0.000E+OO 2.653E-01 1.987E-01
0.000E+OO 0.000E+OO 2.339E-01 1.762E-01
0.000E+OO 0.000E+OO 2.250E-01 1.590E-01
0.000E+OO 0.000E+OO 2.351E-01 1.478E-01
0.000E+OO 0.000E+OO 2.418E-01 1.394E-01
0.000E+OO 0.000E+OO 2.476E-01 1.322E-01
0.000E+OO 0.000E+OO 2.497E-01 1.292E-01
0.000E+OO 0.000E+OO 2.539E-01 1.265E-01
0.000E+OO 0.000E+OO 2.543E-01 1.237E-01
0.000E+OO 0.000E+OO 2.565E-01 1.209E-01

8016 = TARGET 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000Z+A

.

Aver. lab emission energies for A<5 ejectiles in MeV:
Energy neutron proton deuteron triton heliurn3 alpha gamma

7~OOOE+O0 0.000E+OO 4.950E-01 0.000E+OO 0.000E+OO 0.000E+OO 1.054E+O0 6.245E+O0
8.000E+OO 0.000E+OO 1.417E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.833E+O0 6.334E+O0
9.000E+OO 0.000E+OO 2.201E+O0 0.000E+OO 0.000E+OO 0.000E+OO 2.602E+O0 6.477E+O0
1.000E+O1 0.000E+OO 2.892E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.282E+O0 6.461E+O0
1:1OOE+O1 0.000E+OO 3.558E+O0 (1.000E+OO0.000E+OO 0.000E+OO 3.603E+O0 6.215E+O0
1.200E+01 0.000E+OO 3.880E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.169E+O0 5.887E+O0
1.300E+01 0.000E+OO 4.075E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.082E+O0 5.760E+O0
1.400E+01 0.000E+OO 4.477E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.183E+O0 5.713E+O0
1.500E+01 0.000E+OO 5.093E+O0 7.667E-01 0.000E+OO 0.000E+OO 3.340E+O0 5.746E+O0
1.600E+01 0.000E+OO 5.579E+O0 1.435E+O0 0.00~,E+OO0.000E+OO 3.728E+O0 5.783E+O0
1.700E+01 0.000E+OO 5.993E+O0 2.324E+O0 0.000E+OO 0.000E+OO 3.523E+O0 5.762E+O0
1’.8OOE+O14.796E-01 6.,483E+O0,3.212E+Q0 O.OQOE+OO 0.000E+OO 3.883E+O0 5.685E+O0
1.900E+01 1.134E+O0 6.855E+O0 4.101E+OO 0.000R+OO 0.000E+O()4.085E+O0 5.521E+O0
2.000E+O1 1.817E+O0 7.189E+O0 4.453E,+O00.000E+OO 0.000E+OO 4.055E+O0 5.348E+O0
2.300E+01 2.598E+O0 7.858E+O0 5.290E+O0 0.000E+OO 0.000E+OO 4.797E+O0 5.096E+O0
2.700E+01 4.051E+O0 9.258E+O0 7.107E+OO 0.000E+OO 0.000E+OO 4.427E+O0 5.075E+O0
3.000E+O1 4.956E+O0 1.017E+01 8.782E+O0 0.000E+OO 0.000E+OO 4.156E+O0 5.1OOE+OO
3.,500E+016.350E+O0 1.184E+01 1.178E+01 0.000E+OO 0.000E+OO 4.144E+O0 5.078E+O0
4.,bOOE+Ol7.583E+O0 1.302E+01 1.471E+01 0.000F+OO 0,000E+OO 4.377E+O0 4.978E+O0
5:OOOE+01 9.998E+O0 1.565E+01 2.020E+01 0.000E+OO 0.000E+OO 5.027E+O0 4.818E+O0
6.000E+O1 1.193E+01’’1.745E+O1 2.460E+01 0.000E+OO 0.000E+OO 5.822E+O0 4.647E+O0
7.000E+O1 1.369E+01 1.933E+01 2.823E+01 0.000E+OO 0.000E+OO 6.211E+O0 4.518E+O0
8.000E+O1 1.554E+01 2.125E+01 3.069E+01 0.000E+OO 0.000E+OO 6.476E+O0 4.442E+O0
9.000E+O1 1.721E+01 2.296E+01 3.164E+01 0.000x+OO 0.000E+OO 6.779E+O0 4.400E+O0
1.,000E+021.894E+01 2.474E+OI 3.323E+01 0.000E+OO O.OI)OE+OO7.033E+O0 4.375E+O0
1.1OOE+O2 2.065E+01 2.659E+01 3.518E+01 0.000E+OO 0.000E+OO 7.374E+O0 4.279E+O0
1.200E+02 2.280E+01 2.873E+01 3.713E+01 0.000E+OO 0.000E+OO 7.519E+O0 4.262E+O0
1.300E+02 2.453E+01 3.067E+01 3.741E+01 0.000E+OO 0.000E+OO 7.869E+O0 4.266E+O0
1.400E+02 2.62’8E+Q13.226E+01 3.896E+01 0.000ti+OO0.000E+OO 8.125E+O0 4.246E+O0
1.500E+02 2.797E+01 3.428E+01 3.946E+01 0.000E+OO 0.000E+OO 8.450E+O0 4.248E+O0
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p+ ’60 angle-integrated emission spectra
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p+ ’60Kalbach preequilibrium ratios
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